Objective: This investigation tests the hypothesis that the clinical presentation and the outcome of necrotizing enterocolitis (NEC) vary with gestational age (GA).
Introduction
The immature gastrointestinal (GI) tract of the very low birthweight infant must undergo extensive adaptation before full enteral nutrition can be achieved. 1, 2 Postnatally, profound developmental changes continue to occur in the GI tract of a neonate. 1, 3 Many GI functions, including enhancement of absorptive capacity, efficiency of the gut-motor system, enrichment of the bile salt pool, and activity of digestive enzymes undergo considerable postnatal maturation that are most striking among preterm infants. 3, [4] [5] [6] [7] Adaptive secretory and absorptive processes continue to mature after birth with postnatal growth of the neonate. 3, [5] [6] [7] The GI tract alters its digestive, absorptive, and secretory functions to accommodate changes in the availability of substrates during the neonatal period. 4, 5 Incomplete digestion of carbohydrates and proteins owing to GI immaturity results in the formation of organic acids, which in turn may be harmful to the developing intestine. 4, 5 In preterm infants, these imperfect intestinal adaptive processes may present as feeding intolerance or stasis that often precede the development of necrotizing enterocolitis (NEC). [5] [6] [7] Overall immaturity of the GI tract is the most important contributing factor to the etiology of NEC. A devastating complication of prematurity, NEC presents as wide range of clinical manifestations in neonates, which may, in part, be related to the changing absorptive, secretory, and motility functions of the developing intestine. 5, 7, 8 The impact of gestational age (GA) at birth on the clinical presentation of NEC has not been well described. We conducted this investigation to test the hypothesis that the presentation, natural history and outcome of NEC vary with GA.
Materials and methods
Subjects, evaluation for necrotizing enterocolitis, and definitions From October 1991 to September 2003, we prospectively identified all infants with NEC (Bell stage II or higher) 9 in our NICU. Infants born before 23 weeks GA and those with chromosomal or congenital anomalies were excluded. Recurrent (but not initial) episodes of NEC and episodes that occurred after spontaneous intestinal perforation were excluded. Based upon GA, all NEC infants were divided into the following five groups: extremely premature (EP, 23 to 26 weeks), very premature (VP, 27 to 29 weeks), moderately premature (MP, 30 to 34 weeks), near-term (NT, 35 to 36 weeks), and term (T, 37 to 42 weeks) groups. Gestational age was determined by a combination of prenatal ultrasound findings, maternal dates 10 and physical examination 11 by the attending neonatologist and was categorized by completed weeks of gestation. At the onset of signs or symptoms of NEC, serum electrolytes, a complete blood count, blood culture and arterial blood gas were obtained. Radiographic studies were performed at the onset and at 6-8 h intervals and/or when indicated clinically. Demographic, surgical and outcome data were abstracted weekly. The presence of NEC in infants was confirmed by a combination of radiographic, pathologic, and post mortem findings. A single pediatric radiologist evaluated all radiographs and a pediatric pathologist examined the tissue specimens. As previously described, 12 illness acuity was assessed by computing the sum of a seven point clinical score. Cholestasis was defined as the development of conjugated hyperbilirubinemia (>68.4 mmol or 4 mg/dl) subsequent to the diagnosis of NEC that persisted for a minimum duration of 2 weeks. Prolonged parenteral hyperalimentation was defined as continued dependence on parenteral nutrition for greater than 4 weeks after recovery from the acute phase of NEC. The attending neonatologists and pediatric surgeons determined patient management including urgent surgical intervention. The study protocol was approved by the hospital Institutional Review Board.
Statistical analysis
Data were analyzed using SAS s , version 9.2 13 and were stratified based upon GA. Comparisons were made using analysis of variance (ANOVA) for continuous variables and w 2 analysis for nominal variables. Relationships between continuous variables were analyzed by Pearson's correlation coefficients. Linear regression and logistic regression models were constructed to determine significant independent associations between GA and outcomes. Logistic regression analyses were performed to determine significant independent associations of demographic variables such as illness score, GA at birth and surgery with outcomes. Data are expressed as the mean±s.d. and as percentage. Significance was denoted with P-value of p0.05.
Results

Study groups
A total of 202 infants with birth weights ranging from 512 to 4102 g and GA ranging from 23 to 41 weeks developed NEC. Most infants were born at a GA less than 35 weeks (24% EP; 33% VP; 28% MP; 6% NT and 9% T). The demographic characteristics and Gestational age and NEC R Sharma et al the clinical descriptors of these five study groups are presented in Table 1 . The groups did not differ significantly with respect to gender, ethnicity and percentage of outborn infants. The number of infants who received mother's milk feedings vs formula feedings did not differ among all five study groups. As expected, complications of prematurity including hyaline membrane disease (94%) and intraventricular hemorrhage (48%), and the rates of umbilical arterial (85%) or venous (83%) catheter insertions were highest in EP (P<0.0005) infants compared to infants in the remaining four groups. There were significant differences with respect to Apgar scores at 1 and 5 min of age, illness score, age at initiation of feedings, and age at onset of NEC among the five study groups. Bloodstream infection rate concurrent with NEC was the lowest in T infants. Correlations between interval variables and neonatal characteristics are described in Table 2 . No correlation was found between Apgar scores and illness scores. There was an inverse association between postmenstrual age (GA plus postnatal age) and day of onset of NEC (r ¼ À0.35, P<0.0001, Figure 1 ).
In 60% of the NT and T infants, NEC occurred within 3 days of life. Five T infants demonstrated diffuse intramural gas within 12 h of birth. All five of these infants had been born after prolonged rupture of membranes and three mothers had also developed chorioamnionitis, suggesting colonization of GI tract with pathogens before birth and an in utero onset of NEC. There was a correlation between the age in days at the onset of NEC and age in days at initiation of feeds (r ¼ 0.3, P<0.0001) and 97% of infants had begun to receive enteral feedings within 7 days of birth. The relationship between GA, the age in days at initiation of feeds, and the age in days at the onset of NEC were assessed using regression models. The stepwise model implied that the age in days at the onset of NEC was a function of both GA and postmenstrual age (Figure 1 ). Table 3 summarizes the variation of clinical characteristics of NEC among the five groups of infants. The most common signs of NEC among EP infants were ileus (77%) and abdominal distention (71%), followed by emesis (58%), pneumoperitoneum (54%), fixed intestinal loop (52%) and gasless abdomen (42%). In contrast, some common presenting signs in T infants occurred significantly less frequently (P<0.0001) in the EP group, including intramural gas (100 vs 29%), bloody stools (63 vs 17%) and portal venous gas (47 vs 10%). Pneumoperitoneum occurred in only 6% of T infants compared to 54% of EP infants (P<0.05). Gasless abdomen was not found in any T infant. Figure 2 depicts smooth probability curves that demonstrate that the likelihood of NEC to present with different clinical signs can both increase (intramural gas, bloody stools, portal venous gas) and decrease (ileus, abdominal distention, gasless abdomen) with advancing GA. A 23-week infant who developed NEC had a 20% probability that the infant would present with intramural gas. Conversely, there was a 97% likelihood that a more mature infant (>37weeks) with NEC would present with IMG (P<0.0001, Figure 2a ).
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Outcomes
Of all 202 NEC infants, 82 (41%) underwent urgent surgery (Table 4) . Infants in the EP group had the highest rate of peritoneal drain insertions (31%) vs other groups, (P<0.001). Mortality rates were also different among the study groups (P ¼ 0.05) There were no differences in the surgical outcomes among survivors in the five groups of infants with respect to development of strictures, fistulae, abdominal abscesses, or cholestasis (Table 4 ).
Discussion
Our findings that the characteristics of NEC change with advancing GA demonstrate how the degree of maturity affects intestinal responses in the diseased state of NEC. Ileus and abdominal distention are the predominant features of NEC in extremely premature infants, suggesting that immaturity of neural regulation of intestinal motility in preterm infants may play an etiologic role, possibly by promoting stasis and bacterial overgrowth. 6 Although ileus may be a result of concurrent bacterial sepsis, a primary abnormality in motor function may promote a milieu in which the interaction of nutrients and immaturity of host-defense initiate and perpetuate a sequence of interactions that culminate in NEC. 3, 6, [14] [15] [16] [17] Greater maturity of intestinal motility in T infants might explain why ileus and abdominal distention were uncommon presenting signs in this group. Extremely premature infants are generally supported with mechanical ventilation and more frequently receive sedative medications. In addition, EP infants are also least likely to be vigorous. A lack of swallowed air owing to these two factors might account for the common observation of a gasless abdomen in EP infants with NEC.
Premature infants are also known to have delayed gastric emptying and longer transit of nutrients compared to mature infants. 6 Meetze et al. 18 reported that the passage of the first stool is significantly delayed in premature infants (up to 10 days). These investigators attributed their findings to the immaturity of the GI motor system. It was not surprising therefore, that passage of bloody stool in EP infants was an uncommon presenting feature of NEC.
Abdominal distention in NEC infants may also be related to suboptimal digestion and absorption of nutrients. 5, 19 After interruption from the continuous supply of maternal nutrition via placenta to the fetus, the intestinal mucosa of a neonate must adapt to facilitate absorption of milk nutrients soon after birth. The small intestine undergoes significant growth and developmental change in the immediate pre and post-natal periods. 17 Experimental data suggest that this structural and functional intestinal maturation is regulated by extrinsic factors (e.g., nutrients and gut microflora) and intrinsic growth factors (e.g., glutamine, epidermal growth factor, transforming growth factor, erythropoietin, glucocorticoids, and intestinal peptides). 17, 20 Dysregulation or disruption of absorptive maturational processes by premature birth and by absent or discontinuous enteral feedings interrupts the stimuli for GI maturation and may also promote GI colonization by virulent microbes, further contributing to the risk of developing NEC. 16 The association between the age at onset of feedings and the age at onset of NEC has been reported by others. [8] [9] [10] 14 We observed in our EP infants with NEC that feedings were initiated at a mean of 4 days of age, and the mean age of onset of NEC was 20 days (range, 0-45 days). Our inverse correlation between GA and age of onset of NEC can be explained by the practice of more gradual advancement of enteral feeds in less mature infants who achieve sustained and full enteral nutrition at a later age compared to more mature infants. It is important to emphasize that an association between feedings and NEC should by no means be misconstrued as a causal relationship. An alternative explanation is that although enteral substrates are a necessary cofactor, it is the interplay between pathogenic microbes and nutrients that initiates the pathogenesis of NEC. The crucial role of pathogenic microbes and their toxins in the pathogenesis of NEC is supported by a plethora of animal and clinical data. Among T infants pathogenic microbial colonization has an ascendant role compared to GI immaturity. Our findings seem to support this contention.
Administration of small volumes of trophic feeds for several days may explain the relative lack of intramural gas or portal venous gas in radiographic studies of EP infants. 21 In contrast, the presence of copious nutrients in the intestinal lumen leading to bacterial fermentation in T infants likely accounts for the predominance of intramural gas and/or portal venous gas as radiological sign of NEC. The physicochemical luminal environment 17, 21 of the GI tract is governed by the complex interactions between nutrients, microflora and their metabolites and a host of secretory factors. Changes in this environment as a function of GA may contribute to the common radiographic finding of intramural gas and/or portal venous gas in T infants with NEC.
Abundant animal data have shown that initiation of enteral nutrition at birth is the key signal for continued GI maturation after birth in mature newborns. 15, 16 How the GI tract of markedly premature infants adapts or responds to postnatal nutritional and microbial stimuli has not been well studied either in animal models or in neonates. 1 It appears that both the development of NEC and the variation in the clinical presentation of NEC as a function of GA (as supported by our data) illustrate postnatal maladaptations by the neonate to microbial and nutrient stimuli.
Extremely premature infants also have other serious comorbidities such as hyaline membrane disease and intraventricular hemorrhage, both of which contribute to higher mortality. 22 The overall higher mortality rates in EP and in VP infants were therefore not unexpected. The observation that there were no significant differences in the number and type of the complications associated with NEC, however, was an interesting finding that underscores the critical importance of early identification and prompt management of NEC in EP and VP infants.
In summary, EP infants who develop NEC are the most likely to sustain an increase in mortality. Knowledge that the clinical presentation of NEC varies by GA might lead to more expeditious diagnosis and more effective management, especially in EP infants who do not commonly present with the typical radiological hallmarks of NEC such as intramural gas or portal venous gas. Prompt diagnosis and early intervention may decrease mortality and reduce adverse outcomes of NEC in infants of every GA.
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